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Abstract 
Among all the factors that determine social security and public health there is the most important one to investigate: i.e., 
radiation. This paper is about real danger and probable usefulness of radiation, to consider both and to prove that all possible 
attention must be paid to it. Since the discovery of the natural radioactivity, people’s attitude towards radiation is constantly 
changing. Originally it was believed that radiation produced solely detrimental effect on the organisms. But recently, the scholars 
working in radiobiology reported about the beneficial, protective effect of low doses of the total radiative forcing. Not long ago it 
was found out that the most important for human health was a natural resource of radiation, namely, the gas called radon (Rn), 
the α-emitter, with the products of its divisions. Calculations carried out in different countries have shown that exposure to radon 
forms nearly half of the dose received by a person from all sources of radiation. Theoretically, the problem is to figure out 
whether radon is dangerous or safe, because the observations data are contradictory and the experiments have not been 
conducted, as far as we know. In practice, if it is confirmed that there exists of a “safe threshold” dose, below which the exposure 
to radon might even be regarded as useful, then the task will be to establish this threshold and to apply radon in order to increase 
the protective properties of living organisms.  
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Introduction 
In the environment, there are many different factors having permanent effect on the living organisms, including 
human. Among them radiation is of special interest, which happens to be the exhalation, or emanation, of energy in 
the form of particles or waves. Unlike other environmental factors, ionizing radiation cannot be detected by living 
organisms. Its effects are represented as the so-called spontaneous mutations and the development of malignant 
tumors, malformations. Radiation is invisible, but visible are its consequences; the danger to human beings lies 
within the large amount (dose) and specific character of radiation (Rozenberg & Krasnoshekov, 2007, p. 132).  
Natural radiation accompanies us throughout our lives as it has always existed on earth: before the birth of 
humankind, and even before life itself, it was present here and it also was present in the space before the Earth itself 
was born. Radioactive elements included in the composition of the Earth originally, since its birth. It is assumed that 
the origin of life itself as well as its further evolution was largely determined by the presence of radioactive decay 
energy. Ours is an empirical approach to the topic, based on the author’s own research of radon activity. 
Radon is a gas formed by the decay of radioactive radium, which in term is a decay product of uranium present in 
the earth’s crust. 
1. On the history issue 
Radon gas is colourless, odourless and tasteless; it is soluble in water. Radon is heavier than air and, therefore, 
when rising from the depths, it can accumulate in the basements of buildings in high concentrations and, penetrating 
from the cellars to the ground floors, it can pose a great danger to the population. 
The history of radon began in the 15th-16th centuries due to one observation: it was high mortality of Austrian 
miners from a mysterious “mountain sickness” which accompanied the extraction of lead ores. In the 16th century 
Paracelsus of Switzerland described the disease of miners, but he was not able to explain the cause of it. 
In the area of ore mining called Jachimov, the ore was extracted from the surface or shallow undergrounds, but 
near Schneeberg (Saxony, Germany) the ore was extracted from deep mines which reached a depth of 400 m – it 
was uranit (Pogosov & Dubkovskyi, 2012, p.25). 
Special research works of W. Schuttman and K. Becker were devoted to studying the incidence of lung cancer 
among residents in South Saxony, where the natural radon concentration is high. For such analysis, the incidence 
data was used of only women, who, unlike men, did not work in uranium mines. There is evidence that in women 
from neighbouring provinces, where the uranium is not mined, lung cancer was diagnosed more frequently. These 
results suggest that lung cancer in women on South Saxony is rarer that in the residents of provinces with low 
amount of radon in the air (Buldakov & Kalistratova, 2005, p. 41). 
After the Second World War, following the directive of the government of the Soviet Union, the intensive 
uranium production began in 1946 in the historic mining district of Schneeberg (East Germany), and in 1948 – in 
Bohemia (Czechoslovakia). In the same 1946 uranium mining started in France. 
In 1879, F.H. Harting and W. Hesse described in their works an occupational disease of Austrian miners, which 
was identified as lung cancer. Miners’ disease was proved to be associated with their exposure to ionizing radiation 
and radon short-living decay products that accumulated in the air of poorly ventilated mines (Pogosov & 
Dubkovskyi, 2012, p.25). 
Back in the late 1950s it was first realized that radon was harmful not only for the miners. Despite this, only in 
1977 radon has been identified as the main source of danger to the public by the United Nations Scientific 
Committee on the Effects of Atomic Radiation. According to this UN Scientific Committee on the Effects of Atomic 
Radiation, approximately 20% of lung cancer in the population is caused by the inhalation of air which contains 
radon. Since 1987, the International Centre for Research on Cancer (CIRC, Lyon, France) classifies radon decay 
products as carcinogenes that cause lung cancer in humans. 
As to the history of Radioecology – it dates back to the 19th century. One of the possible classifications regarding 
to the formative stages of this discipline is as follows (Rozenberg & Krasnoshekov, 2007, p. 134). 
The 1st period is initial and descriptive (1895-1905). Interpretation is given to the realized discovery of Rontgen 
(X-rays, as the scientist called them), and to the impact on biological objects. 
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The 2nd period is cumulative (1905-1925). This is the stage of data accumulating and the first attempts at 
understanding of the biological reactions to irradiation. 
The 3rd period is conceptual and theoretical (1925-1939). It is the stage of formation of the fundamental 
principles of quantitative radiobiology. 
The 4th period is the stage of creation of the nuclear weapon and the beginning of nuclear “race” (1939-1960). 
The formation of radioecology begins during this period. Intensive work is carried out in all directions. 
The 5th period is modern (after 1961). It is the stage of development of a quantitative radiobiology development 
at all levels of biological organization, including the ecosystem one. This last period can also be sub-divided into 
two stages: 
y the stage of identification of low doses – low power effects (up to 1975). It was connected to the safety 
assessment of local contamination with radionuclides the neighbourhood of some nuclear facilities, which 
didn’t differ much from the intensity of the background radiation. At that time, two basic hypotheses have been 
put forward: that of the radiation hormesis (which is based on the concept of favourable, stimulating effect of 
the low doses) and of the so-called Petko effect (postulating more adverse consequences of the chronic 
exposure to low doses of low power as compared to more intensive acute irradiation of high density); 
y the stage of “polarization of opinions” (after 1975). At this stage the estimation and assessment of the possible 
effects of radiation contamination passes from the scientific to the social sphere. 
Currently, more and more questions are raised about reasonable valuation and rating of emissions from various 
sources. 
Since the existence of cancer deaths that were caused by exposure to low doses of irradiation is not proved, some 
authors recommend increasing the limit of exposure of workers and the public. They justify this thesis by not only 
harmlessness, but, on the contrary, by usefulness of low-dose natural radiation to public health.  
Such recommendations provide the basis for odious activities, as excursions to the affected area after the 
Chernobyl nuclear power plant accident. The zone which has previously been closed is now offered by tour 
companies in Ukraine to visit to everyone willing. It is recognized, though, that a visit to the exclusion zone is 
associated with danger of health risks, and stipulates that the visitor is solely responsible for the preservation of 
his/her health, whereas the organizers of such trips are not liable and do not bear a response. In this regard, before 
entering the area of Chernobyl, a visitor is obliged to sign the relevant document. In 2009, Forbes magazine called 
Chernobyl the most “exotic” destination for tourism in the world. 
All these actions cannot but cause concern. A human being has the right to real understanding about the world, 
and not based on myths or on personal (or collective) benefits. And if there is no direct evidence in various studies, 
of the beneficial effect of low doses of radiation, even if it is proved to be harmless on such exposure levels, such 
claims, in my opinion, should be treated with great caution. 
Relatively recently it became known that the most important for human health is a natural source of radiation, the 
α-emitter, radon (Rn) with the products of its divisions.  Calculations carried out in different countries have shown 
that exposure to radon forms nearly half of the dose received by a person from all sources of radiation. 
Radon has played and still is playing an important role in people’s lives, and public health depends on it greatly. 
People are exposed to radon very often quite unwittingly. Radon is considered one of the most dangerous of the 
radioactive elements today. The situation becomes tragic, though, if you do not care about security. Fortunately for 
mankind, radon radiation is the only form of natural radiation, which impact can be regulated. For that it’s enough to 
hold the radiation survey inside of the residential buildings and to take necessary measures to reduce radon 
concentration. 
But opinions of different researches are contradictory. There exists quite paradoxical evidence which seems to be 
in favour of exposure to elevated level of radon exacerbate the problem and require all sharpened attention on the art 
of environmental specialists and medical practitioners. For that reason, a provisional hypothesis will be a 
(dialectical) controversy of this mysterious gas exposure on human health. 
Theoretically, this problem is to figure out whether radon is safe or dangerous at all, because the observations 
data are contradictory and experiments, as far as we know, have not been conducted. And in practice, if the 
existence is confirmed, of a “safe threshold” below which the doses of radon to which human are exposed are 
useful, then the problem will be to apply radon in order to increase the protective properties of living organisms. 
Let us consider both sides of the issue. 
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2. The danger of radon 
Danger and harm of radon, threatening the public health, are studied relatively better. 
Radon-222 is a decay product of radium-226, a radioactive substance spread everywhere, occurring in soils of 
different compositions in different concentrations. In this regard, radon released from the earth’s crust, significantly 
differs in concentration in the outside air – in different parts of the globe, in one separate country, or a region. 
In the emission spectrum of radon the main part belongs to α-radiation which consists of heavy elementary 
particles (protons and neutrons); these particles exert detrimental effect on the cells of the organisms when in 
contact with them. Because radon is a gas, most harmful effect is produced on the lungs tissue. It is the second 
largest, after smoking, cause of lung diseases. Experts of the International Commission on Radiological protection 
believe that the most dangerous effect of radon exhalation is produced on children and young people under 20. 
Radon decay products, falling into human’s lungs with air, are trapped in them, where further decaying, emit α-
particles hitting the epithelial cells. After the prolonged entry of radon and its products in human organism, the risk 
of lung cancer increases many times. Scientists have also found that the α-particles emitted by radon and its decay 
products not only cause damage to the lungs, but also in the chromosomes of human bone marrow cells, which 
increases the likelihood of developing leukemia. 
The most vulnerable are the most important cells, which are germ, hematopoietic and immune ones. Particles of 
ionizing radiation damage hereditary code, and, hiding, never manifest themselves… until time comes for a cell with 
damaged ions to divide or to create a new body – your child… 
Serious risks are associated with the fact that radon is heavier than air, and therefore it accumulates indoors 
coming from compactor floors, streaming through the cracks, drains, joints, crevices, etc. Because it is 7,5 times 
heavier than air, its maximum activity is observed in the basements and ground/lower floors of the buildings 
(Stozharov, p. 129). There is even a term “household disease”, i.e., those which are determined by the nature of 
human living conditions. 
Outdoor space contains low concentrations of radon, that doesn’t cause trouble. In regions with temperature 
climate, according to experts’ estimations, radon concentration indoors is about 8 times higher, on the average, than 
in the outdoor air (Stozharov, p. 133). 
One of the reasons for the high income of radon in the rooms is a high concentration of uranium – radium in the 
soil and sub-soil. It is typical for areas with access of the soil with a high content of uranium, as well as when using 
a soil consisting alum shale as a subbase or as an aggregate filter. 
In different regions the influence of each factor has its own characteristics, which depend on the geology, ground 
water, soil, etc. 
Radon is contained in natural gas, and if the kitchen hood is not effective, radon concentration can reach 
dangerous levels and spread throughout the apartment. 
In many countries (and Russia among them) energy saving is an acute problem. In Sweden, for instance, this 
problem was associated with careful sealing of buildings; from the 50th to the 70th of the XXth century the rate of 
ventilation in houses has dropped by more than half, and the concentration of radon has increased more than tree 
times, accordingly. Therefore, it must be remembered that one of the most effective ways to protect against radon 
background can be elementary, ventilate the room. 
Radon gas can penetrate into the room with water. The big danger is radon income together with water vapor 
when people are taking a shower, a bath or a bath steam room. For example, when examining a number of houses in 
Finland, it was found that that the concentration of radon in the bathrooms is 40 times higher than in the residential 
apartments. Just in 22-minute shower the concentration of radon raises 55 times higher than the maximum allowable 
rate. Studies conducted in Canada, showed that during 7 minutes when warm shower was turned on, the 
concentration of radon in the bathroom rapidly increased (about 37 times) and it was only able to return to normal in 
the next 1,5 hours  (Bekman, p. 8-9). 
As Bekman emphasizes, it should be noted that different countries have different values of maximum permissible 
concentrations of radon, which restrict the use of water with high radon content.  
The following data are given by this author. In Finland and Sweden for example, the maximum allowable 
concentration is set at 300 Bq / l, in Ireland – at 200 Bq / l. 
US Environmental Protection Agency (USEPA) recommends as the limit value of radon in water at 11.1 Bq / l, 
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but this recommendation has not yet found reflection in the American National Standart water quality (this option is 
not specified). In the recently published Russian Radiation Safety Standards (NRB-99) a critical level of radon in 
water, on conditions that there are no other radioactive substances in this water, is set at 60 Bq / kg, in Ukraine it is 
set at 100 Bq / l. 
Prior to this, in the CIS countries the document called “Sanitary rules and norms for centralized water supply” 
allowed water containing radon at the level to 120 Bq / l (Bekman, p. 9). 
Russia has adopted a series of laws and regulations, and there exist certain norms governing permissible levels of 
ionizing radiation in living areas and territories as well as by selecting territories for constructive sites – for houses 
and social facilities. For example, when selecting sites areas for house building and social facilities, the sites are 
preferable with a radon flux density coming from the soil surface no more than 80 MBq / (m2с) (Yakovleva, p. 18). 
In 1990, the Russian Ministry of Health has set the following target levels for the average radon activity inside 
the home residence: in the newly constructed houses – no more than 100 Bq / m3, in already existing ones – less 
than 200 Bq / m3.  If radon activity exceeds 400 Bq / m3, then the question of relocation of tenants is moved on 
(Bekman, p. 15).  
In other countries, the maximum allowable concentrations vary in the range of 70-200 Bq/m3; the generally 
accepted level is 100 Bq / m3. In Finland it is believed that the houses meet sanitary standards if the concentration of 
radon decay products in long-used lodgings does not exceed 400 Bq / m3, in Sweden – 100, in Canada – 400, in 
USA – 80, in Germany and United Kingdom – 200 Bq / m3 (Utkin, 2000, p. 76). Thus, most of the radiation dose 
from radon are received by people in residential areas; and, as we can see, there are large differences in the values of 
the maximum allowable concentrations in different countries and regions. Rocky areas with more or less elevated 
content of uranium and radium and high radon accumulation level are also classified as potentially dangerous. Areas 
of modern earthquakes and active tectonic zone crustal faults are also considered dangerous. On the other hands, 
radon exhalation in such zones makes it possible to use this phenomenon as an indicator or the precursor of an 
earthquake, because such exhalation increases in these periods (Utkin, 1997, p. 62-63). 
Actually, here we can pass to the second side of the issue: the usefulness of radon to human beings. 
3. Benefits of radon 
World’s leading scientists working in the field of radiobiology discover not pernicious, but, on the contrary, 
rather beneficial, protective effect of low doses of total radioactive forcing and small amounts of incorporated 
radionuclides. According to their opinion, it causes the decrease in morbidity, a premature mortality reduction, and 
accelerating the development of organisms. As an example demonstrating the need of increasing the harmless 
additional exposure, the epidemiological data are given. “It was shown that the harmless additional irradiation of 
61×106  people (white men) in the United Sates prevented 75,000 premature deaths from cancer in a year” 
(Buldakov & Kalistratova, 2005, p. 32). 
Radon is used in agriculture to activate petfood, in metallurgy as a guide in determinating the rate of gas flow in 
blast furnaces, in gas pipelines. In geology, measurement of radon in air and water is used to search for uranium and 
thorium, in hydrology – to investigate the interaction of groundwater and river water. 
Radon is used in the study of diffusion, as well as of transport phenomena in solids; also, in the study of velocity 
and detection of gas leakages in pipes. 
Next, it is necessary to pay attention to the ability of radon to strengthen a protective effect of the enzyme called 
superoxide dismutase (SOD) on the living organism. Although there is no direct evidence of an influence of radon 
inhalation on the SOD-activity in human, a number of studies report that x-irradiation can affect the rat tissue and 
brain depending on the SOD-activity. It is possible that in some perspective radon used in right doses will increase 
the protection of not only animals, but also people from highly toxic acidic radicals which are constantly being 
formed in the body (Buldakov & Kalistratova, 2005, p. 30). 
Some of the therapeutic properties of radon should be noted in association with the use of so-called radon baths. 
They are useful in treating a variety of chronic diseases: duodenal and stomach ulcer, rheumatism, osteohondrosis, 
asthma, eczema, etc. In contrast to hydrogen sulfide, carbon dioxide, mud baths, radon baths are easily endured. 
There is no doubt that spas with increased exposure to radon and its decay products are the best means in the 
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treatment, for instance, rheumatoid arthritis. In this case, the benefits and harms of radon compete with one another. 
These procedures should be performed under the strict supervision of experts, because the therapeutic doses of gas 
in radon baths should be compared to the maximum allowable limits. Therefore, the possible harm from radon baths 
is considered insignificant in the treatment of diseases. So, the problem is precisely this: what is the measure 
determining the risk or, on the contrary, the benefit in using radon. 
Questions are raised, as to the reasonable valuation of emission from various sources, including the ever-present 
in the environment α-emitter radon with its fission products. In general, if different studies do not bare yet direct 
evidence of the beneficial effects of low doses of radiation, it is clearly demonstrated that such exposure levels bare 
no harm. 
Conclusion  
In December 2012 and January 2013, radon studies have been conducted by the author of this paper in several 
places of Kazan city, Tatarstan, Russia, to identify unsafe areas. The criterion of evaluation during this research was 
the activity concentration of radon. The studies were conducted using two instruments called DOSEman and RTM 
1688-2 Geo Station, manufactured by «SARAD» GmbH firm, Germany. When working with these devices, the 
alpha spectroscopy methods were used, whereby the operator could be immediately notified about the level 
exceeding the safe concentration of radon. 
Since the DOSEman device can lead continuous measurements and operate autonomously within a fortnight, and 
the RTM 1688-2 Geo Station – even for a month, those were used in our research as a means of monitoring the 
concentration of radon in air, water, and in soil gas.  
In conducting our research, the basement rooms or first floors were chosen. With the help of the devices 
mentioned above, more than 50 points (premises) were examined in different areas of Kazan city, capital of 
Tatarstan, and two more areas in Tatarstan Republic; also in the Urals (Perm region). At some points the 
measurements were carried out repeatedly, contributing to the following assertions. In areas with high levels of 
radon in the air or drinking water the frequency of diseases is less common than that in the control regions with low 
levels of radon. In most comprehensively surveyed regions the failure of the linear non-threshold dependence of 
cancer from the irradiation dose was demonstrated. Related life factors, including more than 50 indicators, do not 
change the detected pattern. In the examined population where the radon dose is 2, 4, 6 and 10 times higher than the 
average natural radon background, none of the examined indicators, from average life expectancy to the number of 
cancer cases, demonstrated the aggravating harmful effect. 
The inverse relationship occurs almost always when the amount of research is sufficient.  
Nevertheless, the author of this paper sticks to another opinion. The theory of radiation hormesis arose by 
analogy with the concept of small doses of poisons helping to treat some illnesses, or small doses of alcohol, 
improving health and well-being. However, if a small dose of poison or alcohol just simply activates some cells of 
the body, the dose of radiation, even if it is low, just simply destroys them. Therefore, the author takes a different, 
non-threshold conception. According to it, the likelihood of cancer is directly proportioned to the received lifetime 
dose of radiation. So, there is no minimum dose below which radiation would be harmless.  
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